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(54) Modeling method and simulation method 

(57) A modeling method and a simulation method 
enable a circuit board to undergo modeling without 
deterioration of simulation precision while describing 
with no matrix shape. A circuit simulator analyzes 
power/ground noise of a circuit board with single current 
change source. A process regards the circuit board as 
an aggregate of thin doughnut boards of concentric cir- 
cle shape with the current change source as the center, 
subsequently, approximating the aggregate of the 
doughnut boards to be an aggregate of rectangular 



boards with respective circumferences of the doughnut 
boards as widths and respective cut-lengths of the 
same as lengths, then forming respective transmission 
line models taking respective rectangular boards of the 
aggregate of the rectangular boards as the transmission 
line, thus connecting respective transmission line mod- 
els in series to make it a simulation model of the circuit 
board. 
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Description 

[0001 ] The present invention relates to a modeling 
method and a simulation method. More to particularly 
this invention relates to a modeling method for forming a s 
simulation model when analyzing power/ground noise 
of circuit board, and / or its small area by circuit simula- 
tor and to a simulation method for using the simulation 
model formed. 

[0002] With speed up of the computer, power/ground 
noise occurring in LSI (Large Scaled Integration) pack- 
age and/or printed circuit board is actualized as hin- 
drance main cause of speed up or as occurrence main 
cause of EMI (Electromagnetic Interference). Settle- 
ment of a more accurate simulation method is desired 
for reducing power/ground noise. 
[0003] The power/ground noise A V is determined by 
the product of current change quantity A i and imped- 
ance Z. The current change quantity Ai occurs caused 
by switching of current change source mainly. Further, 
the impedance Z is impedance between power layer 
into which the current change quantity Ai flows and the 
ground layer, thus the impedance Z is determined 
according to structure of LSI package and/or printed cir- 
cuit board. 

[0004] To diminish both of the current change quantity 
A i and the impedance Z is effective for reducing 
power/ground noise. So, to grasp accurately the current 
change quantity A i and the impedance Z is necessary 
for reducing power/ground noise. 
[0005] For instance, in circuit simulation using SPICE 
(Simulation Program with Integrated Circuit Emphasis) 
simulator, it was necessary to describe (modeling) 
physical structure such as LSI package and/or printed 
circuit board with electrical element such as transistor 
model, inductance, capacitance, and resistance whose 
input form is capable of being understood by the simula- 
tor. In particular, in order to improve the precision of the 
simulation of power layer/ground layer, it was necessary 
to describe them with the electrical element as small 
matrix shape. (For instance, referring to Jong-Gwan 
Yook et al. "Computation of Switching Noise in Printed 
Circuit Boards", IEEE TRANSACTIONS ON COMPO- 
NENTS, PACKAGING, AND MANUFACTURING 
TECHNOLOGY-PART A, VOL. 20, NO. 1, MARCH 
1997). 

[0006] The first problem is that the modeling of the 
matrix shape improves precision of the simulation, while 
the modeling of the matrix shape brings increase of exe- 
cution time of the simulation. Specially, in the modeling 
regarding the LSI package using general purpose mod- 
eler and/or printed circuit board, in order to balance the 
simulation precision with the simulation execution time, 
it is necessary to optimize physical form to be inputted 
to the modeler artificially corresponding to frequency 
wanted to analyze, thus considerable knowledge and 
know-how are necessary. 

[0007] In view of the foregoing, it is an object of the 



present invention in order to overcome the above-men- 
tioned problems, to provide a modeling method capable 
of forming model without describing circuit board and/or 
small area of circuit board using matrix shape and with- 
out deteriorating simulation precision. 
[0008] It is another object of the present invention to 
provide a simulation method, applying above modeling 
method, capable of realizing simulation of power/ground 
noise while balancing simulation precision with simula- 
tion executing time. 

[0009] It is still another object of the present invention 
to provide storage medium storing therein a program for 
executing above modeling method and/or the simulation 
method. 

[001 0] According to a first aspect of the present inven- 
tion, in order to achieve the above mentioned objects, 
there is provided a modeling method in which a simula- 
tion model of a circuit board with one current change 
source is formed when analyzing power/ground noise of 
the circuit board by a circuit simulator, comprising the 
processes of regarding the circuit board as an aggre- 
gate of doughnut boards having a form of thin concen- 
tric circle with the current change source as the center, 
approximating the aggregate of doughnut boards to an 
aggregate of rectangular boards with respective circum- 
ferences of the doughnut boards as widths and respec- 
tive cut-lengths of the same as lengths, forming a 
transmission line model for each rectangular board in 
the aggregate of rectangular boards while each rectan- 
gular board is a transmission line, and connecting said 
transmission line models in series to make said simula- 
tion model of the circuit board. 
[0011] According to a second aspect of the present 
invention, there is provided a modeling method in which 
a simulation model of a small area of circuit board hav- 
ing a current change source at a center is formed when 
analyzing power/ground noise of the small area of cir- 
cuit board by a circuit simulator, comprising the proc- 
esses of regarding the small area of circuit board as an 
aggregate of doughnut boards having a form of thin 
concentric circles with the current change source as a 
center, approximating the aggregate of doughnut 
boards to an aggregate of rectangular boards with 
respective circumferences of the doughnut boards as 
widths and respective cut-lengths of the same as 
lengths, forming a transmission line model for each rec- 
tangular board in said aggregate of rectangular boards 
while each rectangular board is a transmission line, and 
connecting the transmission line models in series to 
make the simulation model of said small area of circuit 
board. 

[0012] According to a third aspect of the present 
invention, there is provided a simulating method in 
which a simulation model of a circuit board with one cur- 
rent change source is formed, and a simulation of 
power/ground noise of the circuit board is executed by a 
circuit simulator, comprising the processes of regarding 
the circuit board as an aggregate of doughnut boards 
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having a form of thin concentric circles with the current 
change source as a center, approximating the aggre- 
gate of doughnut boards to an aggregate of rectangular 
boards with respective circumferences of the doughnut 
boards as widths and respective cut-lengths of the 
same as lengths, forming a transmission line model for 
each rectangular board in the aggregate of rectangular 
boards while each rectangular board is a transmission 
line, connecting the transmission line models in series 
to make the simulation model of the circuit board, con- 
necting the current change source to a board center end 
of the simulation model of the circuit board, connecting 
an ideal power to a board periphery end of the simula- 
tion model of the circuit board, and observing connect- 
ing points of the transmission line models while 
changing the current of the current change source. 
[0013] According to a fourth aspect of the present 
invention, there is provided a simulating method in 
which a simulation model of a circuit board with one cur- 
rent change source is formed, and a simulation of 
power/ground noise of the circuit board is executed by a 
circuit simulator, comprising the processes of regarding 
the circuit board as an aggregate of doughnut boards 
having a form of thin concentric circles with the current 
change source as a center, approximating the aggre- 
gate of doughnut boards to an aggregate of rectangular 
boards with respective circumferences of the doughnut 
boards as widths and respective cut-lengths of the 
same as lengths, forming a transmission line model for 
each rectangular board in the aggregate of rectangular 
boards while each rectangular board is a transmission 
line, connecting the transmission line models in series 
to make the simulation model of the circuit board, con- 
necting the current change source to a board center end 
of the simulation model of the circuit board, connecting 
an ideal power to a board periphery end of the simula- 
tion model of the circuit board, connecting a de-coupling 
capacitor model to a periphery of the current change 
source, and observing connecting points of the trans- 
mission line models while changing the current of the 
current change source. 

[001 4] According to a fifth aspect of the present inven- 
tion, there is provided a simulating method in which a 
simulation model of a small area of circuit board having 
a current change source at a center is formed, and a 
simulation of power/ground noise of the small area of 
circuit board is executed by a circuit simulator, compris- 
ing the processes of regarding the small area of circuit 
board as an aggregate of doughnut boards having a 
form of thin concentric circles with the current change 
source as a center, approximating the aggregate of 
doughnut boards to an aggregate of rectangular boards 
with respective circumference of the doughnut boards 
as widths and respective cut- lengths of the same as 
lengths, forming a transmission line model for each rec- 
tangular board in the aggregate of rectangular boards 
while each rectangular board is a transmission line, 
connecting the transmission line models in series to 



make the simulation model of the small area of circuit 
board connecting the current change source to a region 
center end of the simulation model of the small area of 
circuit board, connecting an ideal power to a region 
s periphery end of the simulation model of the small area 
of circuit board, and observing connecting points of the 
transmission line models while changing the current of 
the current change source. 

[0015] According to a sixth aspect of the present 

w invention, there is provided a simulating method in 
which a simulation model of a small area of circuit board 
having a current change source at a center is formed, 
and a simulation of power/ground noise of the small 
area of circuit board is executed by a circuit simulator, 

75 comprising the processes of regarding the small area of 
circuit board as an aggregate of doughnut boards hav- 
ing a form of thin concentric circles with the current 
change source as a center, approximating the aggre- 
gate of doughnut boards to an aggregate of rectangular 

20 boards with respective circumferences of the doughnut 
boards as widths and respective cut-lengths of the 
same as lengths, forming a transmission line model for 
each rectangular board in the aggregate of rectangular 
boards while each rectangular board is a transmission 

25 line, connecting the transmission line models in series 
to make the simulation model of the small area of circuit 
board, connecting the current change source to a region 
center end of the simulation model of the small area of 
circuit board connecting an ideal power to a region 

30 periphery end of the simulation model of the small area 
of circuit board connecting a de-coupling capacitor 
model to a periphery of the current change source, and 
observing connecting points of the transmission line 
models while changing the current of the current 

35 change source. 

10016] According to a seventh aspect of the present 
invention, there is provided a storage medium storing 
therein a computer implemented program, the computer 
implemented program implementing the processes of 

40 regarding a circuit board with one current change 
source as an aggregate of doughnut boards having a 
form of thin concentric circles with the current change 
source as a center, approximating the aggregate of 
doughnut boards to an aggregate of rectangular boards 

46 with respective circumferences of the doughnut boards 
as widths and respective cut-lengths of the same as 
lengths, forming a transmission line model for each rec- 
tangular board in the aggregate of rectangular boards 
while each rectangular board is a transmission line, and 

so connecting the transmission line models in series to 
make a simulation model of the circuit board. 
[0017] According to an eighth aspect of the present 
invention, there is provided a storage medium storing 
therein a computer implemented program, the computer 

55 implemented program implementing the processes of 
regarding a small area of circuit board having a current 
change source at a center as an aggregate of doughnut 
boards having a form of thin concentric circles with the 
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current change source as a center, approximating the 
aggregate of doughnut boards to an aggregate of rec- 
tangular boards with respective circumferences of the 
doughnut boards as widths and respective cut-lengths 
of the same as lengths, forming a transmission line 5 
model for each rectangular board in the aggregate of 
rectangular boards while each rectangular board is a 
transmission line, and connecting the transmission line 
models in series to make a simulation model of the 
small area of circuit board. 10 
[0018J According to a ninth aspect of the present 
invention, there is provided a storage medium storing 
therein a computer implemented program, the computer 
implemented program implementing the processes of 
regarding a circuit board with one current change 75 
source as an aggregate of doughnut boards having a 
form of thin concentric circles with the current change 
source as a center, approximating the aggregate of 
doughnut boards to an aggregate of rectangular boards 
with respective circumferences of the doughnut boards so 
as widths and respective cut-lengths of the same as 
lengths, forming a transmission line model for each rec- 
tangular board in the aggregate of rectangular boards 
while each rectangular board is a transmission line, 
connecting the transmission line models in series to 25 
make a simulation model of the circuit board connecting 
the current change source to a board center end of the 
simulation model of the circuit board, connecting an 
ideal power to a board periphery end of the simulation 
model of the circuit board, and observing connecting 30 
points of the transmission line models while changing 
the current of the current change source. 
[0019] According to a tenth aspect of the present 
invention, there is provided a storage medium storing 
therein a computer implemented program, the computer 35 
implemented program implementing the processes of 
regarding a circuit board with one current change 
source as an aggregate of doughnut boards having a 
form of thin concentric circles with the current change 
source as a center, approximating the aggregate of 40 
doughnut boards to an aggregate of rectangular boards 
with respective circumferences of the doughnut boards 
as widths and respective cut-lengths of the same as 
lengths, forming a transmission line model for each rec- 
tangular board in the aggregate of rectangular boards 45 
while each rectangular board is a transmission line, 
connecting the transmission line models in series to 
make a simulation model of the circuit board, connect- 
ing the current change source to a board center end of 
the simulation model of the circuit board, connecting an 50 
ideal power to a board periphery end of the simulation 
model of the circuit board, connecting a de-coupling 
capacitor model to a periphery of the current change 
source, and observing connecting points of the trans- 
mission line models while changing the current of the 55 
current change source. 

[0020] According to an eleventh aspect of the present 
invention, there is provided a storage medium storing a 



computer implemented program, the computer imple- 
mented program implementing the processes of regard- 
ing a small area of circuit board having a current change 
source at a center as an aggregate of doughnut boards 
having a form of thin concentric circles with the current 
change source as a center, approximating the aggre- 
gate of doughnut boards to an aggregate of rectangular 
boards with respective circumferences of the doughnut 
boards as widths and respective cut-lengths of the 
same as lengths, forming a transmission line model for 
each rectangular board in the aggregate of rectangular 
boards while each rectangular board is a transmission 
line, connecting the transmission line models in series 
to make a simulation model of the small area of circuit 
board, connecting the current change source to a region 
center end of the simulation model of the small area of 
circuit board, connecting an ideal power to a region 
periphery end of the simulation model of the small area 
of circuit board, and observing connecting points of the 
transmission line models while changing the current of 
the current change source. 

[0021] According to a twelfth aspect of the present 
invention, there is provided a storage medium storing a 
computer implemented program, the computer imple- 
mented program implementing the processes of regard- 
ing a small area of circuit board having a current change 
source at a center as an aggregate of doughnut boards 
having a form of thin concentric circles with the current 
change source as a center, approximating the aggre- 
gate of doughnut boards to an aggregate of rectangular 
boards with respective circumferences of the doughnut 
boards as widths and respective cut-lengths of the 
same as lengths, forming a transmission line model for 
each rectangular board in the aggregate of rectangular 
boards while each rectangular board is a transmission 
line, connecting the transmission line models in series 
to make a simulation model of the small area of circuit 
board, connecting the current change source to a region 
center end of the simulation model of the small area of 
circuit board, connecting an ideal power to a region 
periphery end of the simulation model of the small area 
of circuit board, connecting a de-coupling capacitor 
model to a periphery of the current change source, and 
observing connecting points of the transmission line 
models while changing the current of the current 
change source. 

[0022] The above and further objects and novel fea- 
tures of the invention will be more fully understood from 
the following detailed description when the same is read 
in connection with the accompanying drawings. It 
should be expressly understood, however, that the 
drawings are for purpose illustration only and are not 
intended as a definition of the limits of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] 

Figs. 1A to 1D are views showing procedure of s 
order of modeling method according a first embodi- 
ment of the present invention; 
Fig. 2 is a flowchart showing processes of order of 
the modeling method according to the first embodi- 
ment of the present invention; 
Fig. 3 is a flowchart showing process of order of the 
simulation method according to the first embodi- 
ment of the present invention; 
Fig. 4 is an image view sample to which the simula- 
tion method is applied according to the first embod- 
iment of the present invention; 
Fig. 5 is a graph showing characteristic impedance 
and propagation delay time of the circuit board 
shown in Fig. 4; 

Fig. 6 is circuit diagram showing one example of 
simulation model of sample shown in Fig. 4; 
Fig. 7 is a wave form view showing simulation wave 
form of power/ground noise of the sample shown in 
Fig. 4; 

Fig. 8 is a wave form view showing experimentation 
wave form of power/ground noise of the sample 
shown in Fig. 4. 

Fig. 9 is a circuit diagram showing another example 
of simulation model of the sample shown in Fig. 4; 
Fig. 10 is a flowchart showing processes of order of 
the case where in the simulation method according 
to the first embodiment of the present invention, de- 
coupling capacitor is mounted in the periphery of 
the transistor model; 

Fig. 11 is a view showing comparison simulation 
result of noise level in accordance with position of 
the de-coupling capacitor in the simulation model of 
sample shown in Fig. 9 with experimentation result; 
Fig. 12 is a flowchart showing processes of order of 
modeling method according to a second embodi- 
ment of the present invention; 
Fig. 13 is a flowchart showing processes of order of 
simulation method according to the second embod- 
iment of the present invention; 
Fig. 1 4 is a flowchart showing processes of order of 
the case where in the simulation method according 
to the second embodiment, the de-coupling capac- 
itor model is mounted in the periphery of the tran- 
sistor model; and 

Fig. 15 is a block diagram showing hardware con- 
figuration applied to the modeling method and the 
simulation method according to a third embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] A preferred embodiment of the present inven- 



tion will be described in detail in accordance with the 
accompanying drawings. 

[0025] Figs. 1 A to 1 D are views showing procedure of 
order of modeling method according to a first embodi- 
ment of the present invention. In Figs. 1A to 1D, refer- 
ence numeral 1 denotes a circuit board, 21 to 2n (n is 
positive integer number) denote a doughnut board hav- 
ing thin concentric circle with a current change source 
as a center, 31 to 3n denote a rectangular board with 
respective circumferences of the doughnut boards 21 to 
2n as widths and respective cut-lengths of the same as 
length thereof, 41 to 4n denote transmission line model 
formed while calculating characteristic impedance Z0 
and propagation delay time t individually using general 
purpose impedance calculation tool and so forth while 
regarding each rectangular board 31 to 3n as a trans- 
mission line, 5 denotes a simulation model (circuit board 
model) of the circuit board 1 to which the transmission 
line models 41 to 4n are connected in series. 
[0026] Fig. 2 is a flowchart showing processes of 
order of modeling method according to the first embod- 
iment of the present invention. The modeling method 
comprises a process Al for regarding the circuit board 
1 as aggregate of the doughnut boards 21 to 2n having 
thin concentric circle with current change source as a 
center, a process A2 for approximating the doughnut 
board as aggregate of rectangular boards 31 to 3n with 
respective circumference of the doughnut boards 21 to 
2n as widths, and respective cut-lengths of the same as 
the lengths thereof, a process A3 for forming respective 
transmission line models 41 to 4n with respective rec- 
tangular boards 31 to 3n as the transmission line, and a 
process A4 connecting respective transmission line 
models 41 to 4n to make it simulation model 5 of the cir- 
cuit board 1 . 

[0027] Next, the modeling method will be described 
according to the such first embodiment. 
[0028] Firstly, a current change source is mounted in 
center thereof. The circuit board 1 which is an ideal 
power/ground without voltage fluctuation regarding 
outer periphery thereof is regarded as aggregate of the 
doughnut boards 21 to 2n with thin concentric circle 
shape (process A1). 

[0029] Thus, it is capable of regarding the circuit board 
1 as the aggregate of the doughnut boards 21 to 2n with 
thin concentric circle, because reason is to be capable 
of being considered regarding flow of current in the cir- 
cuit board 1 . Namely, according to current alteration of 
the current change source, the current flows toward the 
board center from the board periphery in a power layer 
of the circuit board 1 equally, while the current flows out 
equally from the board center toward board periphery in 
the ground layer of the circuit board 1. At this time, cur- 
rent quantity does not change in board periphery or in 
board center, however area within which the current 
flows decreases gradually in the direction from the 
board periphery to the board center with shape of the 
concentric circle (doughnut shape). For that reason, the 
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circuit board is capable of being regarded as the aggre- 
gate of the doughnut boards 21 to 2n. 
[0030] Next, the doughnut boards 2 1 to 2n are approx- 
imated to be the aggregate of rectangular boards 31 to 
3n with the outer periphery ( or inner periphery, or sum- 5 
ming average thereof being available ) as the width and 
the cut-length being taken as length (process A2). The 
cut- length is division width (= outer radius - inner radius) 
when the circuit board is divided into the thin doughnut 
boards with concentric circle shape. 
[0031 ] In the process A1 . the doughnut boards 21 to 
2n are thin, because in the process A2, it becomes easy 
to approximate to rectangular shape when approximat- 
ing respective doughnut boards 21 to 2n to rectangular 
shape with scarcely difference between the internal 
diameter and the external diameter. 
[0032] Continuously, the method causes respective 
rectangular boards 31 to 3n to be regarded as the trans- 
mission lines to calculate both of the characteristic 
impedance ZO and propagation delay time x individually 
using general purpose impedance calculation tool and 
so forth, thus the method causes transmission tine mod- 
els 41 to 4n (process A3). 

[0033] The each characteristic impedance ZD and 
propagation delay time x of respective rectangular 
boards is capable of being obtained by general purpose 
calculation expression or modeling tool from a current 
route flowing respective rectangular board with the con- 
dition that a part corresponding to outer periphery of the 
doughnut board is taken as width, and a part corre- 
sponding to a cut-length is taken as length. Here, 
description form of the transmission line model dealt 
with the SPICE simulator is that the characteristic 
impedance ZO and propagation delay time x thereof are 
inputted, the characteristic impedance ZO and propaga- 
tion delay time x thereof in every unit line length and line 
length L are inputted, as a distributed constant, induct- 
ance U resistance R, capacitance C in every line length 
and line length L are inputted. 

[0034] Lastly, the respective transmission line models 
41 to 4n are connected in series to make it simulation 
model 5 of the circuit board 1 (process A4). 
[0035] Formed transmission line models 41 to 4n are 
connected in series, because there is no current route 
with the exception of the transmission line model 41 to 
4n. 

[0036] Fig. 3 is a flowchart showing processes of 
order of simulation method according to the first embod- 
iment of the present invention. The simulation method is 
that after the process A4 of the modeling method shown 
in Fig. 2, process A5 connecting a current change 
source to the board center end of the simulation model 
5 of the circuit board 1. process A6 connecting ideal 
power to board outer periphery end of the simulation 
model 5 of the circuit board 1 , and process A8 observ- 
ing connection point of the transmission line model 41 to 
4n while changing current of the current change source 
are added. 



[0037] Fig. 4 is an image view showing one example 
of sample to which the simulation method according to 
the first embodiment of the present invention is applied. 
On the supposition that the sample is the structure on 
which the high frequency transistor is mounted as the 
current change source (switching element) at the center 
of the circuit board 1 with two even conductor layers 15 
cm square. 

[0038] The circuit board 1 is for instance, a square 
board with thickness of 1540 ^rr\ made of insulating 
material of dielectric constant 4.5. The board consist of 
a power layer and a ground layer made of copper of 
width of 30 urn in respective both sides. Outer periphery 
of the board is ideal power/ground without voltage fluc- 
tuation. 

[0039] Next the process is a modeling of individual 
parts consisting the sample. 

[0040] In regard of the modeling of the circuit board 1 , 
the modeling takes notice of the way of flowing of cur- 
rent according to switching of the high frequency tran- 
sistor Tr. Concretely, in the power layer, the current flows 
into equally in the direction of the board center from the 
board outer periphery according to switching, while in 
the ground layer, the current equally flows inversely in 
the direction of the board outer periphery from the board 
center. Such the way of flowing of current is taken notice 
to regard the circuit board 1 as the aggregate of the thin 
doughnut boards 21 to 2n with concentric circle shape 
(process A1). 

[0041 ] Here, the cut-length is set to be 5 mm (n = 1 5) 
regarding the board outer periphery and the board 
center. Logically, precision ought to improve accompa- 
nying with the smaller cut-length, however as shown in 
Fig. 5. the characteristic impedance Z0 is near to 0Q 
thus it is not changed according to distance from the 
board center. Rough cut-length does not influence pre- 
cision, while small change of distance from the center in 
the board center brings large change of characteristic 
impedance ZO, therefore, the cut-length to be small. 
Practically, cut-length of the board center is determined 
according to responsibility of transient analysis. It is 
incapable of being concluded sweepingly. The responsi- 
bility is magnitude of voltage drop when flowing the cur- 
rent transiently into the transmission line with large 
characteristic impedance ZO. In case where the respon- 
sibility is good, the characteristic impedance Z0 
becomes large when rendering the cut-length of the 
board center too small, thus noise quantity becomes too 
large. For that reason, it is necessary to render the cut- 
length of the board center somewhat rough. To the con- 
trary, when the responsibility is bad, it is necessary to 
render the cut-length of the board center small. 
[0042] Next, the method causes the doughnut boards 
21 to 2n to be approximate into the aggregate of the rec- 
tangular boards 31 to 3n with the outer periphery of the 
doughnut boards 21 to 2n as width, and with cut-length 
as length (process A2). 

[0043] Here, the width is the outer periphery of the 
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doughnut boards 21 to 2n when approximating the 
doughnut boards 21 to 2n as the rectangular transmis- 
sion line. In general, voltage drop which is generated in 
the transmission line with micro length is determined 
roughly immediately when the current rushes in the 
transmission line. In the present embodiment, the cur- 
rent flows in the direction of the board center from the 
board outer periphery, thus the outer periphery of the 
doughnut board is taken as width. 
[0044] Continuously, the process implemented 
regards each of the doughnut boards 21 to 2n as the 
transmission line, thus forming the transmission line 
models 41 to 4n while calculating the characteristic 
Impedance ZO and the propagation delay time i individ- 
ually using general purpose impedance calculation tool 
(process A3). 

[0045] Then, the process connects the transmission 
line models 41 to 4n in series to make it the simulation 
model (circuit board model) 5 of the circuit board 1 
(process A4). 

[0046] Fig. 5 is a graph showing distribution of both of 
the characteristic impedance Z0 and the propagation 
delay time t of the circuit model 5. The characteristic 
impedance Z0 is close to OCl nearby board outer periph- 
ery, however the characteristic impedance Z0 becomes 
high suddenly nearby center Further, the propagation 
delay time x is fixed because the propagation delay time 
t is determined according to the dielectric constant of 
insulating material. 

[0047] Next, in regard to modeling of high frequency 
transistor Tr, general purpose transistor model is substi- 
tuted for the high frequency transistor model. 
[0048] Fig. 6 is a circuit view showing one example of 
simulation model of a sample. 

[0049] Firstly, the process connects the transistor 
model Tr and emitter resistance Re between center end 
of the circuit board model 5 and the ground in series 
(process A5). Concretely, collector of the transistor 
model Tr is connected to the board center end, further, 
emitter of the transistor model Tr is connected to the 
emitter resistance Re, and the emitter resistance Re is 
connected to the ground. Furthermore, base of the tran- 
sistor model Tr is connected to the base resistance Rb t 
the base resistance Rb is connected to signal source S, 
and the signal source S is connected to the ground. 
[0050] Next, the process connects the internal resist- 
ance Ri and ideal power E between the board outer 
periphery end of the circuit board model 5 and the 
ground (process A6). 

[0051] Thus the process implements the simulation 
using the simulation model of such the sample. The 
simulation method is that it gives signal from the signal 
source S to the base of the transistor model Tr. When 
the simulation method causes the transistor model Tr to 
perform switching in high speed, the process observes 
power/ground noise occurring between the collector 
(board center end) of the transistor model Tr and the 
ground (process A8). Moreover, the observation point is 



capable of being made voluntary connection point of the 
transmission line models 41 to 4n. 
[0052] Fig. 7 is a view showing one example of wave 
form from result of the simulation. 

5 [0053] In order to confirm validity of an analysis result 
of the power/ground noise according to the simulation 
method regarding the present embodiment, the method 
experiments using the sample with the same shape and 
the same configuration, so as to compare wfth experi- 

w mentation result. 

[0054] Firstly, a plurality of ceramic capacitors and 
tantalum capacitors are mounted on the outer periphery 
of the circuit board 1 of conductor two- layer flat surface 
with 15 cm square, further, being supplied 

75 power/ground according to external stabilized power. 
Here, the board outer periphery becomes state where 
voltage fluctuation nearly equals zero (0) due to the 
ceramic capacitor and the tantalum capacitor. 
[0055] Next, the high frequency transistor is mounted 

20 on the board center as the switching element. The 
experimentation causes the high frequency transistor to 
perform switching in high speed from the outer section, 
thus flowing current including a great deal of high fre- 
quency component from the power layer to the ground 

25 layer in the board center. 

[0056] Noise occurs in power layer/ground layer 
caused by both of the change current quantity Ai and 
the impedance Z existing in the power layer/ground 
layer, thus observing the noise by the wide band oscillo- 

30 scope. 

[0057] Fig. 8 is a view showing one example of exper- 
imentation wave form. As is clear understanding from 
comparison the experimentation wave form with the 
simulation wave form of Fig. 7, the simulation is analo- 
gs gous to the experimentation in regard both to the noise 
level and the wave form. 

[0058] Next, comparison is carried out between simu- 
lation time according to the simulation method of the 
present embodiment and simulation time of the case 

ao where conventional general purpose modeler is used. 
The comparison is that the later causes the circuit board 
1 to undergo modeling with matrix shape by the general 
purpose modeler, thus the same simulation is executed. 
With the result that the simulation time of the case 

46 where the modeling method of the present embodiment 
is used is some seconds, while the simulation time of 
the case where the general purpose modeler is used is 
about five hours. 

[0059] As the general purpose modeler, Apsim 
so PLANE (made by Apsim company) is used. The mode- 
ling of the circuit board of Apsim PLANE is that the con- 
nection points called node are connected by electrical 
elements such as inductance L, capacitance C, resist- 
ance R, mutual inductance K, and voltage control volt- 
55 age source E, with each other to be constituted, thus the 
modeling is implemented. According to this method, 
mutual connection becomes complicated in case of a lot 
of node number, therefore, a great deal of analysis time 
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is required. If the worst comes to the worst, it does not 
converge by the SPICE simulator, thus there is the pos- 
sibility of abort. 

[0060] Fig. 9 is a circuit view showing another exam- 
ple of the simulation model of a sample. The simulation 
model of this sample mounts the simulation model (de- 
coupling capacitor model) 6 of the de-coupling capacitor 
in the periphery of the transistor model Tr against circuit 
view of the simulation model of the sample shown in Fig. 
6. 

[0061 ] The de-coupling capacitor model 6 consists of 
series circuit of the inductance L, the capacitance C, 
and the resistance R, which series circuit is a general 
equivalent circuit of capacitor. Then, the respective val- 
ues are determined in such a way that the simulation is 
implemented such that the frequency characteristic of 
the impedance becomes equal to that of the ceramic 
capacitor. 

[0062] Fig. 10 shows the simulation method in which 
such the de-coupling capacitor model 6 is mounted in 
the periphery of the transistor model Tr. As shown in 
Fig. 10, the process A7 is added between the process 
A6 and the process A8 of the simulation method shown 
in Fig. 3. The process A7 is to connect the de-coupling 
capacitor model 6 to the periphery of the current change 
source. 

[0063] The comparison of the noise level of the case 
where the de-coupling capacitor model 6 is added 
brings excellent result as shown in Fig. 1 1 . 
[0064] Now, in the above first embodiment, the mode- 
ling method for forming simulation model of a circuit 
board and the simulation method for using thereof are 
described when analyzing the power/ground noise of 
the circuit board with single current change source by 
the circuit simulator. A small area of circuit board with 
the current change source as center is capable of being 
regarded as the circuit board with the single current 
change source, the present invention can be applied to 
the modeling method for forming simulation model of 
the small area of circuit board and the simulation 
method for using thereof when analyzing the 
power/ground noise of the small area of circuit board 
with the current change source as the center by the cir- 
cuit simulator. 

[0065] Fig. 12 is a flowchart showing processes of 
order of modeling method according to a second 
embodiment applied to a small area of circuit board with 
current change source as center. The modeling method 
comprises a process B1 for regarding the small area of 
circuit board as aggregate of the doughnut boards 21 to 
2n having thin concentric circle with current change 
source as a center, a process B2 for approximating the 
doughnut board as aggregate of rectangular boards 31 
to 3n with respective circumferences of the doughnut 
boards 21 to 2n as the widths, and respective cut-length 
of the same as the lengths thereof, a process B3 for 
forming respective transmission line models 41 to 4n 
with respective rectangular boards 31 to 3n as the 



transmission line, and a process B4 connecting respec- 
tive transmission line models 41 to 4n to make it simula- 
tion model 5 of the small area of circuit board. 
[0066] Further, Fig. 13 is a flowchart showing proc- 

5 esses of order of simulation method according to the 
second embodiment of the present invention applied to 
the small area of circuit board with the current change 
source as the center. The simulation method is that after 
the process B4 of the modeling method shown in Fig. 

io 12, process B5 connecting a current change source to 
the area center end of the simulation model 5 of the 
small area of circuit board, process B6 connecting ideal 
power to area outer periphery end of the simulation 
model 5 of the small area of circuit board, and process 

is B8 observing connection point of the transmission line 
model 41 to 4n while changing current of the current 
change source are added. 

[0067] Fig. 14 shows the simulation method in which 
such the de-coupling capacitor model 6 is mounted in 

20 the periphery of the transistor model Tr. As shown in 
Fig. 14, the process B7 is added between the process 
B6 and the process B8 of the simulation method shown 
in Fig. 13. The process B7 is to connect the de-coupling 
capacitor model 6 to the periphery of the current change 

25 source. 

[0068] Next, a third embodiment of the present inven- 
tion will be described in accordance with the accompa- 
nying drawing. 

[0069] Referring to Fig. 15, the third embodiment of 

30 the present invention comprises an input device 1 01 of 
keyboard, mouse and so forth, a data processor 102 
consisting of a computer, a storage device 103 of a hard 
disk device and so forth, an output device 104 of an 
image display device, a printing device and so forth, and 

35 a storage medium 105 storing therein a modeling pro- 
gram or a simulation program. The storage medium 1 05 
is a storage medium such as a magnetic disk, a semi- 
conductor memory, and so forth. 
[0070] In the third embodiment of the present inven- 

40 tion constituted above, the modeling program or the 
simulation program is read from the storage medium 
105 for the data processor 102. The data processor 102 
operates in accordance with the order of the processes 
(procedure) shown in Figs. 2, 3, 10, 12, 13. or 14. Con- 

45 sequently, the modeling method and simulation method 
according to the third embodiment are implemented in 
the same way as the modeling method and the simula- 
tion method according to the first embodiment or the 
second embodiment, therefore, detailed description is 

50 omitted. 

[0071] In the above respective embodiments, descrip- 
tion is that the representation of the circuit simulator is 
the SPICE simulator, however, necessary condition of 
the circuit simulator capable of being used in the 
65 present invention is that a circuit simulator can only deal 
with a transmission line model. 
[0072] A first effect of the present invention is that it is 
capable of making a scale of the simulation model of the 
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circuit board smaller. Because the modeling method 
comprises a process for regarding the circuit board as 
aggregate of the doughnut boards having thin concen- 
tric circle with current change source as a center, a 
process for approximating the doughnut board as 
aggregate of rectangular boards with respective circum- 
ferences of the doughnut boards as the width, and 
respective cut-length of the same as the length thereof, 
a process for forming respective transmission line mod- 
els with respective rectangular boards as the transmis- 
sion line, and a process connecting respective 
transmission line models to make it simulation model of 
the circuit board. Therefore it is not necessary to imple- 
ment the modeling with matrix shape. 
[0073] A second effect is that it is capable of reducing 
a scale of the simulation model of the micro-region. 
Because the modeling method comprises a process for 
regarding the small area of circuit board as aggregate of 
the doughnut boards having thin concentric circle with 
current change source as a center, a process for 
approximating the doughnut board as aggregate of rec- 
tangular boards with respective circumferences of the 
doughnut boards as the width, and respective cut- 
length of the same as the lengths thereof, a process for 
forming respective transmission line models with 
respective rectangular boards as the transmission line, 
and a process connecting respective transmission line 
models to make it simulation model of the small area of 
circuit board. Therefore it is not necessary to implement 
the modeling with matrix shape. 
[0074] A third effect is that it is capable of reducing 
execution time of the simulation while reducing a scale 
of the simulation model of the circuit board without dete- 
riorating simulation precision. Because the modeling 
method comprises a process for regarding the circuit 
board as aggregate of the doughnut boards having thin 
concentric circle with current change source as a 
center, a process for approximating the doughnut board 
as aggregate of rectangular boards with respective cir- 
cumferences of the doughnut boards as the widths, and 
respective cut-lengths as the lengths thereof, a process 
for forming respective transmission line models with 
respective rectangular boards as the transmission line, 
a process connecting respective transmission line mod- 
els to make it simulation model of the circuil board, a 
process connecting a current change source to the 
board center end of the simulation model of the circuit 
board, a process connecting ideal power to board outer 
periphery end of the simulation model of the circuit 
board, and a process observing connection point of the 
transmission line models while changing current of the 
current change source are added. Therefore it is capa- 
ble of executing the simulation of the power/ground 
noise of the circuit board without deterioration of simula- 
tion precision even though it does not implement the 
modeling with matrix shape. 

[0075] A fourth effect is that it is capable of reducing 
execution time of the simulation while reducing a scale 



of the simulation model of the circuit board without dete- 
riorating simulation precision. Because the modeling 
method comprises a process for regarding the circuit 
board as aggregate of the doughnut boards having thin 

5 concentric circle with current change source as a 
center, a process for approximating the doughnut board 
as aggregate of rectangular boards with respective cir- 
cumferences of the doughnut boards as the widths, and 
respective cut-length of the same as the lengths thereof 

w a process for forming respective transmission line mod- 
els with respective rectangular boards as the transmis- 
sion line, a process connecting respective transmission 
line models to make it simulation model of the circuit 
board a process connecting a current change source to 

is the board center end of the simulation model of the cir- 
cuit board, a process connecting ideal power to board 
outer periphery end of the simulation model of the cir- 
cuit board, a process for connecting the de-coupling 
capacitor model with periphery of the current change 

20 source, and a process observing connection point of the 
transmission line models while changing current of the 
current change source are added. Therefore it is capa- 
ble of executing the simulation of the power/ground 
noise of the circuit board without deterioration of simula- 

25 tion precision even though it does not implement the 
modeling with matrix shape. 

[0076] A fifth effect is that it is capable of reducing exe- 
cution time of the simulation while reducing a scale of 
the simulation model of the small area of circuit board 

30 without deteriorating simulation precision. Because the 
modeling method comprises a process for regarding the 
small area of circuit board as aggregate of the doughnut 
boards having thin concentric circle with current change 
source as a center, a process for approximating the 

35 doughnut board as aggregate of rectangular boards 
with respective circumferences of the doughnut boards 
as the widths, and respective cut- length of the same as 
the lengths thereof, a process for forming respective 
transmission line models with respective rectangular 

40 boards as the transmission line, a process connecting 
respective transmission line models to make it simula- 
tion model of the small area of circuit board a process 
connecting a current change source to the board center 
end of the simulation model of the circuit board, a proc- 

46 ess connecting ideal power to the small area of circuit 
board outer periphery end of the simulation model of the 
small area of circuit board, and a process observing 
connection point of the transmission line models while 
changing current of the current change source are 

so added. Therefore it is capable of executing the simula- 
tion of the power/ground noise of the small area of cir- 
cuit board without deterioration of simulation precision 
even though it does not implement the modeling with 
matrix shape. 

55 [0077] A sixth effect is that it is capable of reducing 
execution time of the simulation while reducing a scale 
of the simulation model of the small area of circuit board 
without deteriorating simulation precision. Because the 
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modeling method comprises a process for regarding the 
small area of circuit board as aggregate of the doughnut 
boards having thin concentric circle with current change 
source as a center, a process for approximating the 
doughnut board as aggregate of rectangular boards 
with respective circumferences of the doughnut boards 
as the widths, and respective cut-length of the same as 
the lengths thereof a process for forming respective 
transmission line models with respective rectangular 
boards as the transmission line, a process connecting 
respective transmission line models to make it simula- 
tion model of the small area of circuit board a process 
connecting a current change source to the board center 
end of the simulation model of the circuit board, a proc- 
ess connecting ideal power to the small area of circuit 
board outer periphery end of the simulation model of the 
small area of circuit board, a process for connecting the 
de-coupling capacitor model with the circumpherences 
of the current change source, and a process observing 
connection point of the transmission line models while 
changing current of the current change source are 
added. Therefore it is capable of executing the simula- 
tion of the power/ground noise of the small area of cir- 
cuit board without deterioration of simulation precision 
even though it does not implement the modeling with 
matrix shape. 

Claims 

1. A modeling method in which a simulation model of 
a circuit board with single current change source is 
formed when analyzing power/ground noise of the 
circuit board by a circuit simulator, comprising the 
processes of: 

regarding said circuit board as an aggregate of 
doughnut boards having a form of thin concen- 
tric circles with said current change source as a 
center; 

approximating said aggregate of doughnut 
boards to an aggregate of rectangular boards 
with respective circumferences of the doughnut 
boards as widths and respective cut-lengths of 
the same as lengths; 

forming a transmission line model for each rec- 
tangular board in said aggregate of rectangular 
boards while each rectangular board is a trans- 
mission line; and 

connecting said transmission line models in 
series to make said simulation model of said 
circuit board. 

2. A modeling method in which a simulation model of 
a small area of circuit board having a current 
change source at a center is formed when analyz- 
ing power/ground noise of the small area of circuit 
board by a circuit simulator, comprising the proc- 
esses of: 



regarding said small area of circuit board as an 
aggregate of doughnut boards having a form of 
thin concentric circles with said current change 
source as a center; 

s approximating said aggregate of doughnut 

boards to an aggregate of rectangular boards 
with respective circumferences of the doughnut 
boards as widths and respective cut-lengths of 
the same as lengths; 

10 forming a transmission line model for each rec- 

tangular board in said aggregate of rectangular 
boards while each rectangular board is a trans- 
mission line; and 

connecting said transmission line models in 
is series to make said simulation model of said 

small area of circuit board. 

3. A modeling method as claimed in claim 1 or 2, 
wherein cut-lengths of said doughnut boards are at 

20 even internals. 

4. A modeling method as claimed in any of claims 1 to 
3. wherein a SPICE simulator is used as said circuit 
simulator. 

25 

5. A simulating method in which a simulation model of 
a circuit board with one current change source is 
formed, and a simulation of power/ground noise of 
said circuit board is executed by a circuit simulator, 

30 comprising the processes of: 

regarding said circuit board as an aggregate of 
doughnut boards having a form of thin concen- 
tric circles with said current change source as a 

35 center; 

approximating said aggregate of doughnut 
boards to an aggregate of rectangular boards 
with respective circumferences of the doughnut 
boards as widths and respective cut-lengths of 

40 the same as lengths; 

forming a transmission line model for each rec- 
tangular board in said aggregate of rectangular 
boards while each rectangular board is a trans- 
mission line; 

45 connecting said transmission line models in 

series to make said simulation model of said 
circuit board; 

connecting said current change source to a 
board center end of said simulation model of 
so said circuit board; 

connecting an ideal power to a board periphery 
end of said simulation model of said circuit 
board; and 

observing connecting points of said transmis- 
55 sion line models while changing the current of 

said current change source. 

6. A simulating method in which a simulation model of 
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a circuit board with one current change source is 
formed, and a simulation of power/ground noise of 
said circuit board is executed by a circuit simulator, 
comprising the processes of: 

5 

regarding said circuit board as an aggregate of 
doughnut boards having a form of thin concen- 
tric circles with said current change source as a 
center; 

approximating said aggregate of doughnut w 
boards to an aggregate of rectangular boards 
with respective circumferences of the doughnut 
boards as widths and respective cut-lengths of 
the same as lengths; 

forming a transmission line model for each rec- 15 
tangular board in said aggregate of rectangular 
boards while each rectangular board is a trans- 
mission line; 

connecting said transmission line models in 
series to make said simulation model of said so 
circuit board; 

connecting said current change source to a 
board center end of said simulation model of 
said circuit board; 

connecting an ideal power to a board periphery 2s 
end of said simulation model of said circuit 
board; 

connecting a de-coupling capacitor model to a 
periphery of said current change source; and 
observing connecting points of said transmis- 30 
sion line models while changing the current of 
said current change source. 

A simulating method in which a simulation model of 
a small area of circuit board having a current 3s 
change source at a center is formed, and a simula- 
tion of power/ground noise of said small area of cir- 0 
cuit board is executed by a circuit simulator, 
comprising the processes of: 

40 

regarding said small area of circuit board as an 
aggregate of doughnut boards having a form of 
thin concentric circles with said current change 
source as a center; 

approximating said aggregate of doughnut 46 
boards to an aggregate of rectangular boards 
with respective circumferences of the doughnut 
boards as widths and respective cut-lengths of 
the same as lengths; 

forming a transmission line model for each rec- so 
tangular board in said aggregate of rectangular 
boards while each rectangular board is a trans- 
mission line; 

connecting said transmission line models in 
series to make said simulation model of said ss 
small area of circuit board; 
connecting said current change source to a 
region center end of said simulation model of 



said small area of circuit board; 
connecting an ideal power to a region periph- 
ery end of said simulation model of said small 
area of circuit board; and 
observing connecting points of said transmis- 
sion line models while changing the current of 
said current change source. 

8. A simulating method in which a simulation model of 
a small area of circuit board having a current 
change source at a center is formed, and a simula- 
tion of power/ground noise of said small area of cir- 
cuit board is executed by a circuit simulator, 
comprising the processes of: 

regarding said small area of circuit board as an 
aggregate of doughnut boards having a form of 
thin concentric circles with said current change 
source as a center; 

approximating said aggregate of doughnut 
boards to an aggregate of rectangular boards 
with respective circumferences of the doughnut 
boards as widths and respective cut-lengths of 
the same as lengths; 

forming a transmission line model for each rec- 
tangular board in said aggregate of rectangular 
boards while each rectangular board is a trans- 
mission line; 

connecting said transmission line models in 
series to make said simulation model of said 
small area of circuit board; 
connecting said current change source to a 
region center end of said simulation model of 
said small area of circuit board; 
connecting an ideal power to a region periph- 
ery end of said simulation model of said small 
area of circuit board; 

connecting a de-coupling capacitor model to a 
periphery of said current change source; and 
observing connecting points of said transmis- 
sion line models while changing the current of 
said current change source. 

9. A simulating method as claimed in any of claims 5 
to 8, wherein said power change source is formed 
by a transistor model. 

10. A simulating method as claimed in any of claims 5 
to 9, wherein cut-lengths of said doughnut boards 
are at even intervals. 

11. A simulating method as claimed in any of claims 5 
to 10, wherein a SPICE simulator is used as said 
circuit simulator. 

12. A storage medium storing a computer implemented 
program, said computer implemented program 
implementing the processes of: 
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regarding a circuit board with one current 
change source as an aggregate of doughnut 
boards having a form of thin concentric circles 
with said current change source as a center; 
approximating said aggregate of doughnut 
boards to an aggregate of rectangular boards 
with respective circumferences of the doughnut 
boards as widths and respective cut-lengths of 
the same as lengths; 

forming a transmission line model for each rec- 
tangular board in said aggregate of rectangular 
boards while each rectangular board is a trans- 
mission line; and 

connecting said transmission line models in 
series to make a simulation model of said cir- 
cuit board. 

1 3. A storage medium storing a computer implemented 
program, said computer implemented program 
implementing the processes of: 



regarding a small area of circuit board having a 
current change source at a center as an aggre- 
gate of doughnut boards having a form of thin 
concentric circles with said current change 
source as a center; 

approximating said aggregate of doughnut 
boards to an aggregate of rectangular boards 
with respective circumferences of the doughnut 
boards as widths and respective cut-lengths of 
the same as lengths; 

forming a transmission line model for each rec- 
tangular board in said aggregate of rectangular 
boards while each rectangular board is a trans- 
mission line; and 

connecting said transmission line models in 
series to make a simulation model of said small 
area of circuit board. 

14. A storage medium storing a computer implemented 
program, said computer implemented program 
implementing the processes of: 

regarding a circuit board with one current 
change source as an aggregate of doughnut 
boards having a form of thin concentric circles 
with said current change source as a center; 
approximating said aggregate of doughnut 
boards to an aggregate of rectangular boards 
with respective circumferences of the doughnut 
boards as widths and respective cut-lengths of 
the same as lengths; 

forming a transmission line model for each rec- 
tangular board in said aggregate of rectangular 
boards while each rectangular board is a trans- 
mission line; 

connecting said transmission line models in 
series to make a simulation model of said cir- 



cuit board; 

connecting said current change source to a 
board center end of said simulation model of 
said circuit board; 
5 connecting an ideal power to a board periphery 

end of said simulation model of said circuit 
board; and 

observing connecting points of said transmis- 
sion line models while changing the current of 
10 said current change source. 

15. A storage medium storing a computer implemented 
program, said computer implemented program 
implementing the processes of: 

is 

regarding a circuit board with one current 
change source as an aggregate of doughnut 
boards having a form of thin concentric circles 
with said current change source as a center; 

20 approximating said aggregate of doughnut 

boards to an aggregate of rectangular boards 
with respective circumferences of the doughnut 
boards as widths and respective cut-lengths of 
the same as lengths; 

25 forming a transmission line model for each rec- 

tangular board in said aggregate of rectangular 
boards while each rectangular board is a trans- 
mission line; 

connecting said transmission line models in 
30 series to make a simulation model of said cir- 

cuit board; 

connecting said current change source to a 
board center end of said simulation mode) of 
said circuit board; 
35 connecting an ideal power to a board periphery 

end of said simulation model of said circuit 
board; 

connecting a de-coupling capacitor model to a 
periphery of said current change source; and 
40 observing connecting points of said transmis- 

sion line models while changing the current of 
said current change source. 

1 6. A storage medium storing a computer implemented 
45 program, said computer implemented program 

implementing the processes of: 

regarding a small area of circuit board having a 
current change source at a center as an aggre- 
so gate of doughnut boards having a form of thin 

concentric circles with said current change 
source as a center; 

approximating said aggregate of doughnut 
boards to an aggregate of rectangular boards 
55 with respective circumferences of the doughnut 

boards as widths and respective cut-lengths of 
the same as lengths; 

forming a transmission line model for each rec- 
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tangular board in said aggregate of rectangular 
boards while each rectangular board is a trans- 
mission line: 

connecting said transmission line models in 
series to make a simulation model of said small s 
area of circuit board; 

connecting said current change source to a 
region center end ol said simulation model of 
said small area of circuit board; 
connecting an ideal power to a region periph- w 
ery end of said simulation mode! of said small 
area of circuit board; and 
observing connecting points of said transmis- 
sion line models while changing the current of 
said current change source. is 

A storage medium storing a computer implemented 
program, said computer implemented program 
implementing the processes of: 

20 

regarding a 6mall area of circuit board having a 
current change source at a center as an aggre- 
gate of doughnut boards having a form of thin 
concentric circles with said current change 
source as a center; 25 
approximating said aggregate of doughnut 
boards to an aggregate of rectangular boards 
with respective circumferences of the doughnut 
boards as widths and respective cut-lengths of 
the same as lengths; 30 
forming a transmission line model for each rec- 
tangular board in said aggregate of rectangular 
boards while each rectangular board is a trans- 
mission line; 

connecting said transmission line models in 35 
series to make a simulation model of said small 
area of circuit board; 

connecting said current change source to a 
region center end of said simulation model of 
said small area of circuit board; ao 
connecting an ideal power to a region periph- 
ery end of said simulation model of said small 
area of circuit board; 

connecting a de-coupling capacitor model to a 
periphery of said current change source; and 45 
observing connecting points of said transmis- 
sion line models while changing the current of 
said current change source. 
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